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This investigation is concerned with the development of 
an IGES(Initial Graphics Exchange Specification) interface 
to Lehigh's POLYGON package. The POLYGON package was 
developed to convert 3D wireframe representations into 
boundary representations type (B-REP) solid models. Six 
types of entities are processed in the translator. With the 
aid of the translator, tolerance analysis can be performed 
by reading the tolerance data and converting it into a 
prototype analysis system that converts position tolerances 
to size tolerances, specifies class of fits, and provides 
visual feedback to the designer. 
1 
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1.1 Problem Statement 
Chapter 1 
Ill'l'RODUCTIO• 
With the wireframe modeling approach, there are some 
major drawbacks. The first is the amount of input required 
for creation, the designer must specify every line that 
defines the edges of the part. So, the designer pays a great 
deal of attention to represent the geometry of the part 
rather than how the part is to be designed. Another drawback 
is that the wireframe representation can only represent a 
surface unambiguously if all the edges are properly defined 
and connected. From the applications point of view, this is 
important for numerical control(NC) machining which cannot 
work with incomplete or ambiguous information. A third 
drawback is the lack of geometric completeness. In wireframe 
only the edges are stored and therefore the model does not 
have the information to identify the sense of inside or 
• outside. In addition, interference detection and hidden line 
removal are also difficult with the wireframe geometric 
model. 
Surface modeling can provide a more complete definition 
for the part's geometry. But most surfaced wire frames lack 
the topological relaionships that are needed to define a 
2 
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solid object. The purpose of this thesis is to develop a 
general link between 3-dimensional wireframe models and 
boundary surface models via a standard formatted IGES 
interface and to investigate various.applications of this 
interface to analyze tolerance specification on dimensioned 
drawings. 
1.2 Approach to Problem 
In order to integrate the Computer-Aided Design(CAD)/ 
Computer-Aided Manufacturing(CAM) systems, its data has to 
be made portable across different hardware and software 
packages. Toward this end, users of CAD/CAM systems started 
writing ''translator'' for their in-house-developed CAD/CAM 
software packages. Also, custom translators were developed 
to let two incompatible systems talk to each other. However, 
with more than thousands of systems used in the industries, 
there was not a standard formatted translator that could be 
used as a bridge to make communications among systems. The 
issue of software pOi;ability had become vitally 
This was the basic premise behind the creation 
important. 
of the IGES 
committee. Responsibility for coordinating the overall 
effort was given to the National Bureau of Standards(NBS). 
The result of this concerted effort was the creation of the 
Initial Graphics Exchange Specification, known as IGES, 
which became an American National Standard in September 
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1981. IGES is a data format for product design and 
engineering information created and stored in a CAD/CAM 
system in computer-readable form. The benefit derived by 
using IGES is that a user does not have to develop special 
translators for each different piece of equipment. The only 
requirement is to develop translators to and from IGES as 
format as pre and post processes. 
When the model is constructed as a wireframe model, the 
visualization problems are increasing with the • • increasing 
complexity of the geometry. "Hidden Line'' representation is 
necessarily needed to represent a model clearly. In 
addition, the features offered by the solid modeling systems 
such as sectioning, volume, and mass properties cannot be 
calculated directly from wireframe models due to the 
incompleteness of definitions • 
The • aim of the ''POLYGON" is to remove these 
disadvantages by converting wireframe models to a set of 
planar polygons for boundary type solid representations. The 
polygons are constructed by the edges of the wireframe 
model, and join together to become the surf ace or ''envelope" 
of the solid body. With the data base of such a system, 
wireframe system can easily be connected with solid modeling 
systems. The input data for POLYGON can be directly from the 
Unigraphics parts file in File-11 format, universal file, or 
4 
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IGES standard formatted file. The output database from 
POLYGON can invoke the NASA's HIDDEN LINE program, Brigham 
Young University's MOVIE.BYU program and SDRC's GEOMOD 
program. 
McAuto•s Unigraphics II(UGII) VAX 8500-based CAD system 
is used to create the wireframe model whose graphical data 
can be transferred directly to the IGES formatted data file. 
In order to connect the chain between IGES and POLYGON, a 
translator has to be developed to fill the gap. The 
translator functions as a bridge to read the graphical data 
from the IGES file, to perform the transformation and to put 
the result back to the corresponding POLYGON's data formats. 
It is a traditional way that engineering drawings(manual 
drafts) specify the graphic description of nominal or 
tolerancing information that defines allowable departures 
from the nominal objects. Tolerances ensure that parts in 
specification are functionally equivalent and inter-
changeable in assembly. However, modern CAD/CAM systems 
rapidly replace these manual work, and robots are 
incorporated in production systems. For fully automatic 
manufacturing and the spatial reasoning required for 
assembly· planning, inaccuracies may associate with not only 
the manipulator and the sensor but also the part tolerancing 
information. For example, a robot manipulator gripes an 
5 
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electrical pin to insert into a base, for accurate assembly, 
position tolerances and size tolerances of the base hole 
have to be considered. The second part of the thesis is to 
propose an interactive tolerance analysis program that 
provides a recommended tolerance or allowance zone based on 
the different class of fit of the parts. A solid model 
simulating two matching parts for visualized effect will be 
feedbacked to the designer by cooperating with the POLYGON 
package. 
The prototype system includes two modules, namely, the 
UGII-to-POLYGON module and the Tolerance Analysis module. 
Initially, whichever module will be executed, the part file 
in Unigraphics fotmat has to go through the pre-process to 
become an IGES formatted data file. Both modules will be 
described as following steps.(see Figure 1) 
Pre-Process: 
The pre-processor translates Unigraphics parts into IGES 
neutral database format. Pre-processing is divided into two 
phases: input and • conversion. The input phase 
I 1S 
interactive, requiring the user to specify the Unigraphics 
files desired, the IGES disk file name, the part name for 
the receiving system, and a start section for the IGES file. 
The conversion phase can be run on-line or in a batch mode. 
A summary of each conversion will be printed when the 
6 
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conversion is completed. An IGES file •uat be prepared by 
the REFORMAT utility for printing and editing before it can 
be run through conversion process. 
UGII to POLYGON module: 
Step 1: 
In the IGES 2 module of the POLYGON package, a part file 
-
in IGES format can be extracted by using library routines. 
POINT, LINE, ARC, CONIC, SPLINE, and COORDINATE SYSTEM are 
the six entity types which may be processed. 
Step 2: 
The output information generated from the program 
translator is available for verification. The transferred 
data will be stored in the IGES POLY.DAT file after 
answering the optional menu with an ''ou tput'' 
-
command. 
Otherwise, a ''no_output" command skips this step and 
directly goes to the transl~ting process. 
Step 3: 
The data obtained from execution of translator will be 
stored in a common data block which is shared with the main 
POLYGON program. A summary of the numbers of converted 
entities will be displayed on the screen. Polygons can be 
created and a solid hidden-line removal model also can be 
obtained by invoking the hidden line module in the 
sequential menu of POLYGON. 
i' 
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Tolerance Analysis Module; 
Step 1: 
··- ----- ---~~-.----------
•. 
A two-dimensional drawing can be retrieved in IGES form, 
and all tolerances will be displayed in sequence depending 
upon the type specified by system parameters of UGI!. The\ 
user follows the prompt and takes dimensions and tolerances 
of holes and shafts which will be saved in special arrays 
for analysis. The other dimensions or tolerances are blanked 
out automatically. The executive result indicates the 
matching parts whether it suits the standard class of fit or 
not. Modified position and size tolerancing data can be 
entered for interactively trying to get the suitable match. 
Step 2: 
Transmit tolerancing data to the common block and back 
to the main program of POLYGON for solid visualization. 
The IG~S is good for graphics data exchange and creation 
'. I... 
I 
of a blueprint, but from the • view of future advanced 
manufacturing applications such as those • using expert 
systems technology for automatically generating process 
plans, NC data or coordinate • measuring machine inspection 
data, the Product Data Exchange Specification(PDES) 
parallelly developed with IGES by NBS has been recommended 
for the exchange of these complete product data models. PDES 
differs from IGES mainly in scope not intended to replace 
s 
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IGES. It i• concerned with the representation of a digital 
product model that completely defines a product for 
manufacture or test. For instance, IGES transmits tolerance 
data in the form of text notes(a series of ASCII char-
acters), not a directly computer-interpretable form. 
Currently, the tolerance information has to be interpreted 
by routines developed by user, but PDES allows it to be done 
routinely. It is apparent that PDES is a worth extension of 
current research. 
g 
.. · 
.. 
0 
Chapter 2 
PROCESSING OF WIREFRAMB DATA 
2.1 IGES and POLYGON Data Structures 
2.1.1. IGES Data structure: 
File Structure: 
The basic element in the IGES structure is called an 
entity. The IGES structure consists of a data file in five 
subsections, namely, the start section, the global section, 
the directory data section, the parameter data section and 
the terminate section. They will be appeared in order as 
shown in Figure 2. Each section will be briefly described 
and an example is as shown in Table 1. 
1. Start Section: 
The start section is a block of header data that 
provides any textual preface for the file. There must be at 
least one start record, and all records must haves in 
column 73 and a sequence number in column 74 through 
SO(Figure 3.1). 
2. Global Section: 
The global section provides the information in which the 
model was developed. This information contains the model 
space scale, the units of measurement for model space, 
product identification from sending system, file name, 
10 
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system vendor, software version, ANSI standard translator 
version and a set of maximum/minimum ranges for which the 
destination system should allocate(Figure 3.2). 
3. Directory Entry Section: 
The directory entry section is to provide an index of 
all the entities in the model and to attribute information 
for each entity. The attribute consists of data items such 
as entity type number, line font number, level number, view 
pointer, and the defining matrix pointer for indicating the 
location in the parameter data section in which the actual 
entity definition is located(Figure 3.3). 
4. Parameter Data Section: 
This section contains the parameter data associated with 
each entity. The first field always is the entity type 
number, and following data which are placed in free format. 
A record delimiter (semicolon) indicates that the parameter 
list is complete, and a new kind of definition of entity 
type is following(Figure 3.4). 
5. Terminator Section: 
The terminator section • 1S an accounting tool for 
expressing the last sequence number used in each of the 
other four sections(Figure 3.5). 
IGES Format: 
Two different formats are used to represent IGES data. 
! 11 
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These are ASCII-coded SO-character/record oriented file and 
binary oriented file structures. The definitions in each 
format for entities are identical. The ASCII oriented format 
has the advantages of universal compatibility, better data 
management, but suffers from excessive data volume due to 
character encoding of all numeric terms. The binary format 
is more compact, but at the sacrifice of format simplicity 
and flexibility. 
IGES Representation: 
The representation components are addressed by the IGES 
entity set and entity attributes. The entity set is divided 
into four basic entity types: geometry, dimensioning and 
annotation, structure, and properties. 
The translator deals with the entities which belong to 
the geometry part. These entity types are point, line, 
conic, arc, spline and work coordinating system. 
2.1.2 POLYGON Data Structure: 
Data Base Munipulation: 
Data read from the input sources is stored in several 
integer or real FORTRAN arrays. These arrays are kept in a 
common data block which shares the data with systems linked 
with POLYGON. 
12 
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2.2 Program TRANSLATOR 
2.2.1 Description: 
The program translator deals with the data read from 
IGES ASCII-oriented formatted files. Entity types, point, 
line, arc, conic, spline, and work coordinate system are 
processed and stored in associated data arrays which link 
with POLYGON. The output from the translator is kept in the 
''IGES_POLY. DAT'' (see Table 2) data file which is optional for 
checking the data manipulation. 
2.2.2 Method of Reading IGES File: 
Step 1: 
In the first record of the directiory data section, the 
translator reads characters from colume 1 to 80, and decides 
the entity type by encoding the first three characters. If 
the entity type is either arc or conic, then it encodes and 
decodes the pointer for indicating the transforlllation matrix 
and the sequence number for defining the location of entity 
data in the parameter data section. If the entity type is a 
transformation matrix, then the translator keeps the 
corresponding address of the matrix in the 
section. 
parameter 
In the parameter data section, the data is read record 
by record and written onto a scratch file till the end of 
the IGES file is reached. The system then rewinds the 
13 
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controller to the top of the scratch file, calculates each 
kind of entity type, and put results into associated arrays 
of POLYGON. The block diagram is shown as Figure 4. 
Step 2: 
The data have to be distinguished by their entity type 
number. If the entity type number • 1S one of the types 
supported by the translator, it will be processed and the 
data will be read. If the data type is not supported then it 
is ignored and the next record is checked. 
Step 3: 
The parameter data are placed in free format with double 
precision accuracy, and the free field part of each record 
ends in column 64. After column 66, the field contains a 
pointer, a character P for indicating the parameter section, 
and a sequence number. For each record, the translator only 
extracts the data in front of the column 65, and goes to the 
next record. Due to the free format, the number of data will 
be retrieved by accounting the number of delimiter 
(comma'',''). The extraction procedure for numerical values 
will be completed as the record delimiter (semicolon'';'') 
reached. Flowcharts are shown as Figure 5,6, and 7. 
Step 4: 
The data read from the parametric data section of the 
IGES file is stored in the array PDATA{see Table 3). 
_ .. 
14 
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PDATA(N,M) 
where 
N is the entity number. 
M is the total columns of each entity declared in 
PDATA array. For point, M equals seven, ten for 
line, eleven for arc, fifteen for conic and for 
spline depending upon the number of nodal points. 
The first column stores the entity number, the 
second is the number of record for each entity, 
the third is the pointer for indicating the 
associating data address, the fourth is the entity 
type number and the rest columns keep the 
parameters for defining diffferent kind of entity. 
entity number of pointer entity parameters for 
number record type each kind of 
number entity 
Table 3. definition of array PDATA 
2.2.3 Transformation Process: 
Within the definition space, which is defined by work 
coordinates system, circular arcs, conic arcs arising from 
the arc entity, the conic arc entity respectively, has an 
) 
I 
asstjciated rotation matrix and a translation vector for 
i 
I 
processing the conversion from the definition space to the 
model space. When the rotation matrix is an identity matrix, 
-
' ' 
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it will leave all coordinates unchanged. The rotation matrix 
and translation vector are all treated within the 
transformaion matrix entity. 
,· 
\ 
The pointer 
;r .. 
to the associated transformation matrix 
(entity type number 124) of each arc or conic can be 
retrieved in column seven from the directory entry section. 
According to this pointer, the exact address of 
transformation matrix is defined and the conversion process 
can be performed. 
2.2.4 Data Base Manipulation: 
The data structure of POLYGON and IGES will be given for 
each entity type, and discussed in detail how the routine 
TRANSLATOR deals with the interface process. The six types 
of entities are listed in Table 4 as below. 
Type number Entity type 
116 point 
110 line 
100 arc 
104 • conic 
112 cubic spline 
124 transformation matrix 
Table 4. six types of entities performed 
1). POINT 
POLYGON Format: 
POINT(N,3) N: is the point number 
The POINT(N,3) array keeps absolute X,Y,Z coordinates of 
16 
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each point. Points are usually the end point's of each 
edge(Table 5). The maximum size of POINT array is currently 
set to POINT(5000,3). 
X y z 
absolute coordinates 
Table 5.1 POINT in POLYGON format 
IGES Format: 
The first column in IGES format stores the entity type 
number(ll6), and the rest three columns are absolute X,Y,Z 
coordinates of point(Table 5.2). 
entity type X y z 
number 
absolute coordinates 
116 point 
Table 5.2 POINT in IGES format 
TRANSLATOR: 
Tanslator reads the data from IGES, checks the redundent 
information and puts the data into associated columns of 
POLYGON array. 
2). LINE 
POLYGON Fo:rmat: 
LINE(N,3), LREF(N,3) N: is the line number 
The LINE(N,3) array stores the end point's of each edge. 
" 
The ''LINE'' is a global name for the array, i.e. an entity 
17 
could be a straight line, arc or conic segment, or cubic 
spline. The first column is the first end point number, the 
second is the second end number, and the last is the line 
color number(Table 6.1). The maximum size of LINE array is 
LINE(3000,3). 
The LREF(N,3) stores the topological information. Closed 
type flag, line type and curve number are packed values 
stored in the first column. The second and third columns 
store the numbers of the polygons attached to the line 
(Table 6.2). The maximum size of LREF array is LREF(J000,3). 
end end line 
node 1 node 2 color 
Table 6.1 LINE in POLYGON format 
type curve polygon polygon 
number one two 
Table 6.2 LREF in POLYGON format 
IGES Format: 
The first column is entity type number(llO). The 
following three columns store coordinates of the startin
g 
point, and the rest store coordinates of the 
point(Table 6.3). 
\ 
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X y z X y z 
entity 
type number starting point ending point 
110 coordinates 
Table 6.3 LINE in IGES format 
TRANSLATOR: 
coordinates 
The end nodal number in LINE array means the associated 
label of the point which defines the coordinates of the 
starting or ending point. The line color defined by default 
is number eight, with seven colors provided by POLYGON. The 
translator handles only one case, the straight line, and 
checks zero-length lines and colinear lines to avoid the 
duplication of data. 
3). CIRCULAR ARC 
POLYGON Format: 
ARC(N,6) 
ARCREF{N,4) 
N: is the number of arc 
The first to sixth columns store the beginning and 
ending angles(in radians) of the arc, the center coordinates 
of the arc in absolute form, and the radius corres-
pondingly(Table 7.1). The maximum size of ARC array I 1S set 
to ARC(S00,6). 
The ARCREF(N,4) stores the integer type data for ARC 
entity. The first column keeps the MXREX number 
*'. 19 
(Transformation Matrix number) for the coordinate system 
defining the arc plane. The second is reserved. The third 
column contains the line number of the arc, and the fourth 
stores the number of points defined on the arc for 
segmentation(Table 7.2). The maximum size of ARCREF array is 
set to ARCREF(500,4) 
beginning ending X y z radius 
angle angle abs. coordinates of arc 
center of arc 
Table 7.1 ARC in POLYGON format 
MXREX not line number of segmentation 
number used number points 
Table 7.2 ARCREF in POLYGON format 
Xe Ye 
entity parallel ZT 
type number distance f:t1om arc 
110 XT-YT plane center 
coord. 
Table 7.3 ARC in IGES format 
IGES Format: 
Xs Ys 
starting 
point 
" 
Xe Ye 
ending 
point 
The IGES performs the circular arc which lies in a plane 
either coincident with or parallel to the XT-YT plane(based 
on the definition space coordinate system). The second 
column stores the parallel distance from XT-YT plane, the 
third to fourth keep the coordinates of the arc center, and 
20 
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the rest four columns store the coordinates of the starting 
point and ending point respectively(Table 7.3). 
TRANSLATOR: 
Step 1: To find the arc center 
The coordinates of arc center, starting and ending 
.. 
points read from IGES are all related to the work coordinate 
system. The coordinates of arc center of POLYGON are 
represented in absolute format by multiplying an associated 
transformation matrix to (Xc,Yc,Zc). 
Step 2: To find beginning and ending Angles 
The cross product of two vectors shown as below which 
are created by connecting the arc center with both starting 
and ending point can be used to obtain the beginning angle 
and the ending angle required by the ARC array of POLYGON. 
Pe(Xe,Ye) 
ending point 
~ 
Ps(Xs,Ys), starting point 
...l. ~ 
axb 
Pc(Xc,Yc), arc center 
a= (Xs-Xc,Ys-Yc) = (ax,ay) 
~ 
b = (Xe-Xc,Ye-Yc) = (bx,by) 
radius =l~I= ~ax2+ay2 
21 
... 
~ ~ 
-a X b 
-Ji,. 
i 
ax 
bx 
~ 
j 
ay 
by 
k 
az 
bz 
the magnitude in the z-direction, 
z = axby-aybx 
the angle q rotated from a to b, 
q = cos-1 (a2+b2+c2)/2ab 
if z ~ o, then ans= 360. - q 
if z > o, then ans= q 
4). CONIC ARC 
POLYGON Format: 
CONIC(N,13) 
CONREF(N,4) 
N: is the number of conic 
The first to thirteenth columns store the Xc,Yc,Zc 
center coordinates (in absolute coordinates), the end point 
coordinates, the beginning and ending parameters in the 
eighth and ninth columns, Kl and K2 values for the standard 
types of parametric conic equations, and Sin(A) and Cos(A) 
of the rotational angle in the conic plane(Table 8.1). The 
maximum size of CONIC array is set to CONIC(250,13). 
The CONREF(N,4) stores the same type of information as 
ARCREF does, except that the second column keeps the conic 
type number, one for ellipse, two for parabola and three for 
hyperbola(Table 8.2). The maximum size of CONREF is set to 
CONREF(250,4). 
22 
• Xe Ye Zc Xptl Yptl Xpt2 Ypt2 
center coord. coord. of (WCS) coord. of (WCS) 
(ABS) 
. ' Beginning 
Minor K2 
MXREF 
number 
starting point ending point 
parameter Ending parameter ' MaJor K1 
Sin(A) Cos(A) 
Table 8.1 CONIC in POLYGON format 
conic type 
number 
conic type number 
line number 
number points 
= 1, ellipse 
= 2, parabola 
= 3, hyperbola 
Table 8. 2 CONREF in POLYGON f oriuat 
I 
of 
entity type coefficients of the ZT parallel distance 
number 104 general equation from XT-YT plane 
Xs Ys Xe Ye 
coordinates of coordinates of ending 
starting point point 
Table 8.3 CONIC in IGES format 
IGES Format: 
() 
The first column is the entity type number(104). The 
second to seventh store coefficients of the general • conic 
equation. The eighth keeps the parallel distance from XT-YT 
plane, and the rest four columns store these coordinates for 
the starting point and ending point(Table 8.3). 
23 
TRANSLATOR: 
The conic arc always lies on a plane either coincident 
with or parallel to the plane of the work coordinates 
system. Within such a plane, the equation of the conic is 
expressed by a general form (Equ. 1). If the cross term 
''bxy'' exists, the conic has to be diagonalized to become a 
quadratic form. The conic arc is an ellipse, a hyperbola, or 
a parabola depending upon the determinant of the coefficient 
matrix(Table 9.4). Due to the runoff error during the 
computative period, a specified tolerance has to be added to 
aid the determination of the type of the conic arc. 
Step 1: To determine the type of conic 
The general form of conic: 
ax2+bxy+cy2+dx+ey+f = O 
Determinant of conics: 
-
a 
b/2 
d/2 
b/2 
C 
e/2 
d/2 
e/2 
f 
a 
J = b/2 
case DET J type of • conic 
1 ~ 0 >0 ellipse 
2 ~ 0 <0 hyperbola 
3 • 0 0 parabola 
Table 9.4 type of conic determined 
by DET and J matrices 
24 
. . • (Equ. 1) 
b/2 
C 
d 
Step 2; Diagonalization of quadratic fora 
All the conics of IGES are described in the general 
implicit second degree curve as equation (1). The cross 
product term ''bxy'' controls the orientation of the resulting 
conic with respect to some reference axes systems. 
Translator rotates the curve such that the symmetric axis is 
one of the axes of the reference system. Letting the cross 
term be equal to zero, and obtaining: 
Ax 12+cy• 2+Dx'+Ey'+f = 0 
Let F(x,y) = ax2+bxy+cy2+dx+ey+f 
F(x,y) is multiplied by a rotation matrix [R], rotated about 
Z axis. (The plane where the conic located has been trans-
formed by a matrix and paralleled to the x-y plane) 
[R] = 
cos(q) 
-sin(q) 
sin (q) 
cos (q) 
=> x = x•cos(q) - y'sin(q) 
y = x'sin(q) + y•cos(q) 
X = X'*[R] 
Substituting x,y into F(x,y), and letting the cross term be 
zero, then 
=> q = .s•tan-1 (b/(a-c)) <--- rotational angle 
and F(x,y) = F(x',Y') = Ax 12+cy• 2+Dx'+Ey'+f = 0 
where, 
A= acos2 (q) + bcos(q)*sin(q) + csin2 (q) 
C = asin2 (q) - bcos(q)*sin(q) + ccos2 (q) 
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D • dcos(q) + eain(q) 
E • -dsin(q) + ecos(q) 
if·b•O and a-c>O =•> q • o. 
if b>O and a-c=O =•> q • phi /2 
if b=O and a-c<O ==> q = phi 
, phi• 3.14159 
if b<O and a-c=O ==> q = 1.5* phi 
otherwise ==> q • .s•tan-1 (b/(a-c)) 
Step 3: Coordinates of Center of Conic, (Xc,Yc,Zc) 
1. Ellipse and Hyperbola 
x = (2dc-be)/(b2-4ac) 
y = (2ae-bd)/(b2-4ac) 
The value of Z coordinate can be obtained from the IGES 
-data file. The coordinates of the center of conic can be 
given by multiplying the 
matrix(as shown in Equ. 2). 
corresponding 
Xe Rll Rl2 Rl3 X 
Ye * y + - R21 R22 R23 Zc R31 R32 R33 z 
2. Parabola . - , ) / ..._ _ _...... 
/ 
, 
Case 1: Ax• 2+Dx'+Ey'+f = 0 
vertex • (-D/2A, (D2/4AE)-f/E, Zc) • 
Case 2: cy• 2+Dx'+Ey'+f = 0 
vertex: ((E2/4CD)-f/D, -E/2C, Zc) 
transformation 
Tl 
.•• (Equ. 2) T2 
T3 
substituting into equation (2), then getting the vertex 
coordinates of parabola. 
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Step 4; Coordinates of Starting and Ending Points 
Data read from the IGES, (X8 ,Y8 ) and (X8 ,Y8 ), are 
exactly what the POLYGON requires, and put into (Xptl'Yptl> 
and (Xpt2 ,Ypt2) of POLYGON respectively. 
: coordinates of starting point in POLYGON xpt1'Ypt1 
xpt2'Ypt2: 
xpt1 <--
<-- X 
coordinates of ending point in POLYGON 
e ' 
<-- y 
s 
<-- y 
e 
These data are all based on the work coordinates system. 
STep 5: Major, Minor Parameters and Beginning, Ending 
Parameters 
1. Ellipse and Hyperbola 
Major parameter Kl= length of major axis 
Minor parameter K2 length -
Kl - (F/A) .S 
K2 - (F/C) .S 
where, F = D2/4A + E2/4C 
2. Parabola 
Kl= E/A 
K2 = O. 
of I minor 
- f 
Case 1: Ax 12+Dx'+Ey'+f = o 
vertex: [-D/2A, (D2/4AE)-f/E] 
• axis 
= [ s I T ] 
. \ 
focus : [-D/2A, (D2/4AE)-f/E - E/4A] = [ S, Q] 
The line equation through the vertex and the focus is, 
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x•- s • o 
The starting and ending points are (x8 ,y8 ) and (x8 ,y8 ). 
The starting(SP) and ending(EP) parameters are, 
SP• (x8 +D/2A)*sign 
EP = (x8 +D/2A)*sign 
When the signs of the variables SP and EP are the same, 
it means that the starting and ending points are located at 
the same side based on the symmetrical axis. The section of 
the parabola will not cross the symmetrical axis. 
If Q > T , then sign= -1 
otherwise • +l sign -
Case 2: cy• 2+Dx'+Ey'+f = 0 
vertex • [E2/4CD-f/D, -E/2C] = [ s T ] • , 
focus • [E2/4CD-f/D-D/4C, -E/2C] 
-
[ Q T ] • I 
The line equation through the vertex and the focus is, 
y•- T = 0 
The starting and ending parameters are, 
SP= (ys+E/2C)*sign 
EP = (ye+E/2C)*sign 
Kl= D/2C 
K2 = D/4C 
If Q < S , then sign= -1 
otherwise sign= +l 
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5). CUBIC SPLINE 
POLYGON Format: 
SPLINE(M) 
SPLREF(N,4) 
. 
N: is the number of spline 
The data stored in sequence are the parameter value 
(accumulative chord length), point coordinates(in absolute 
form) and the first derivatives at each nodal point. Thus, 
there is a total seven values stored for each SPLINE nodal 
point(Table 10.1). The maximum size of SPLINE array depends 
on the number of nodal points for each spline, but currently 
the size is set to SPLINE(15000). 
The SPLREF(N,4) array keeps the integer type data for 
the cubic SPLINE curves. The first to fourth columns store 
the SPLINE 2D or 3D flag and number of points, the !POINTER 
value to the SPLINE array and line number, and the number of 
points defined on the cubic spline for segmentation, the 
same as in ARCREF and CONREF(Table 10.2). The maximum size 
of SPLREF array is set to SPLREF(200,4). 
IGES Format: 
The entity type number is stored in the first space. The 
standard IGES processor provides six spline types, but only 
can the cubic spline be processed by the translator. The 
third is an integer which indicates the degree of continuity 
with respect to the arc length. The following two spaces 
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represent the dimensional characteristic, and the number of 
seqmanta(n). The sixth to (six+n)th store the break points 
of the piecewise polynomial. The X,Y,Z coordinats of 
coefficients A,B,C and Das shown in Equ. 3 for each nodal 
point are stored in the following twelve columns. The same 
information for second nodal point will be kept in sequence 
(Table 10.3). 
1st nodal point of first spline 
parameter value accumulative X y z x• y' Z I 
chord length (zero) abs. coord. first deriv 
2nd nodal point of first spline 
parameter value accumulative X y z x• y' z I 
chord length abs. coord. first deriv. 
• • • • • • • • • • • • • • • • • • 
1st nodal point of second spline 
parameter value accumulative X y z x' Y' z I 
chord length (zero) abs. coord. first deriv. 
1st nodal point of nth spline 
• • • • • • • • • • nth nth nodal point of spline 
Table 10.1 SPLINE in POLYGON forma 
2D/3D + number pointer. to line number of 
of spline spline number segmentation 
point data point 
r 
Table 10. 2 SPLREF in POLYGON forntat 
• 
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entity type 
number 112 
spline 
type 
degree of 
continuity 
planar or 
non-planar 
f st . t or 1 po1n, 
number of 
segments 
break points of 
piecewise polynominal x coordinates for A,B,C,D 
y coordinates for A,B,C,D 
z coordinates for A,B,C,D 
for 2nd poine, x coordinates for A,B,C,D; y coordinates 
for A,B,C,D; z coordinates ........ . 
Table 10.3 SPLINE in IGES format 
TRANSLATOR: 
The coordinates of the points in the ith segment of the 
curve are given by the following cubic polynominals. 
x(u) = Ax(i)+Bx(i)s+Cx(i)s2+Dx(i)s3 ..• (Equ. 3) 
y(u) = Ay(i)+By(i)s+Cy(i)s2+Dy(i)s3 
z(u) = Az(i)+Bz(i)s+Cz(i)s2+Dz(i)s3 
where, A(i): coordinates of nodal point i 
B(i): the first derivative at nodal point i 
For a common set of input nodal points and boundary 
conditions for end points, due to the difference of the 
algorithm to define the spline, each yields a different 
curve. There is no mathematics known to perform a direct 
.. 
conversion, so the IGES provides a wide variety of the fornis 
and allows approximation conversion at the data source. The 
data extracted from the IGES are rearranged and stored in 
the array SPLINE. The SPLREF array keeps the address 
information which indicates the accurate positions in the 
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one-dimensional SPLINE array for defining the cubic spline. 
For instance, the first spline has six nodal points, and 
there should be seven values to define each nodal point, 
SPLREF(l,l) = 6 
SPLREF(l,2) = 1 
<-- number of spline point 
<-- pointer to spline data 
(stores the data from the first position) 
the second spline has five nodal points, 
SPLREF(2,l) = 5 
SPLREF(2,2) = 43 
<-- number of spline point 
<-- pointer to spline data 
(stores the data from the position 6*7+1) 
6). TRANSFORMATION MATRIX 
POLYGON Format: 
• 
CSYS(N,6) N: is the number of coordinate system 
The CSYS(N,6) array stores the local coordinate systems 
data for the work plane definitions of planar type curves. 
The first to sixth columns keep the two unit vector 
components of X and Y axis(Table 11.1). The maximum 
set to CSYS(250,6). 
Xl X2 X3 Yl Y2 Y3 
X axis unit vectors y axis unit vectors 
components components 
• • size is 
Table 11.1 Coordinate System in POLYGON format 
I,' 
( 
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IGES Format: 
The transformation matrix is an entity which contains a 
three by three rotation matrix Rand a translation vector T. 
(Rll,R21,R31) is the unit vector in the direction of the 
definition space X-axis. (R12,R22,R32) is the unit vector in 
the direction of the definition space Y-axis. (Rl3,R23,R33) 
is the unit vector in the direction of the definition space 
z-axis. (TR1,TR2,TR3) is the component of the translation 
vector(Table 11.2). 
entity type Rll Rl2 Rl3 TRl R21 R22 R23 TR2 
number 124 R31 R32 R33 TR3 
Table 11.2 Coordinate System in IGES format 
TRANSLATOR: 
The matrix represents a right-handed coordinate system. 
The unit vector in the Z-direction is obtained by performing 
the cross product between the X and Y unit vectors. For 
saving the storage array, the translator transfers the two 
directional unit vectors into the POLYGON by passing the 
Z-direction. 
The Rand TR values are located at the last part in the 
parameter data section of IGES file. The transformation 
cannot be processed until the Rand TR values are read. 
Then, the translator scans the pointer (MXREF number) stored 
in ARCREF and CONREF for each arc and conic which defines 
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the associated transformation matrix. A transformation 
matrix could be valid for any ARC and CONIC entities 
simutaneously(Table 11.3 and 11.4). 
ARC CONIC MXREF Number 
ARCREF CONREF 
2,11,60 1,15 1 1 1,3 3 2 2 
none 90 none 3 
Table 11.3 pointers stored in ARCREF and CONREF determine the associated ARC and CONIC 
entities 
CONIC 1 ARC 1 
CON! C 2 L------;-!--_..., ARC 2 TM 1 
CONIC 3 ARC 3 
• TM2 
• 
• 
• 
• 
• 
• TM3 
• 
CONIC 
• ARC 11 
• • • 
• 
• 
CONIC 90 ARC 60 
TM: transformation matrix 
Table 11.4 Transformation Matrix valid for different ARCS and CONICS 
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2.2.4 Validity Check: 
For a valid B-REP type solid definition, the edge 
definition should be complete. The program translator 
provides the abilities to check the redundant information, 
such as duplicated points, zero-length lines, colinear lines 
and overlapping arcs. After the transferring process, a 
compact data base is obtained without the user interactively 
checking and modifying these redundancies again. 
Step 1: Duplicated Points 
The existing points, end points of straight lines, nodal 
points of cubic splines are all stored in the ''POINT" array. 
There might be some coincident points. To save storage 
space, translator uses a specified tolerance value to check 
if a new point to be added to the POINT array that has 
already been defined. 
Step 2: Colinear Lines 
If two lines are not colinear, there must be a ·-distance 
from either end point of one line to the other one. The 
distance from point P0 (x0,y0,z0) to the other line through 
P1 in direction (a,b,c) is, 
P1 (x1 ,y1 ,z1), P2 (x2 ,y2,z2) : coordinates of end points 
If a,b,c are direction numbers of line P1P2, then 
a : b : c = (x2-x1 ) : (y2-y1 ) : (z 2-z1 ) 
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Yo-Y1 zO-zl 2 zO-zl 2 XO-xl XO-Xl Yo-Y1 
+ 
distance• b C C a a b 
a2+b2+c2 
Parametric Representation of Straight Line Segment: 
Points on straight line segment can be defined as: 
P1 (x1 ,y1,z1) the first end point, for t=O 
P2 (x2 ,y2,z2) the second end point, for t=l 
Any point on the line P1P2 can be represented as, 
X = (l-tx)x1 + txx2 
y - (1-ty)y1 + tyy2 
z = (l-tz)z1 + tzz2 
2 
For line two, the end points are (x21 ,y21 ,z21 ) and 
(x22 ,y22 ,z22 ), substituting into parametric equation of line 
one, checking if t 21 is located between zero and one and 
doing the same check with t 22 . If t 21 and t 22 are smaller 
than one or equal to one, it means that line two is part of 
line one. Line two is a colinear line related to line one. 
If tx = ty = tz, this point must be located outside of 
the line. For saving the execution time, the translator 
sorts lines according to the length of each line. The 
flowchart is shown as Figure a. 
Step 4: Overlapping Arcs 
If two arcs are located on the same plane, and with the 
same arc center, radius, and arc range, then overlapping 
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area axiat. In general, for rapidly processing the 
comparison of the arc angle which expresses the expanding 
range between the beginning angle and the ending angle, the 
translator is to sort arcs at first according to the 
magnitude of the arc angle. The first step is to check the 
locations of the arcs by scanning the ARCREF which defines 
the real model plane, and next to verify coordinates of arc 
center, the radius of arc and the arc range. If overlapping 
arcs exist, the translator gets rid of these redundancies 
and adjusts labels for readdressing the arc data. The 
I 
flowchart is listed as Figue 9. 
2.3 Tolerance Analysis 
2.3.1 Introduction: 
The selection of limits and fits is very often regarded 
as a minor activity of the design engineer. The handbooks or 
tables provide the available range of standard tolerances or 
deviations. One just thinks that the designer's only task is 
to refer to them, the selection itself being a trivial 
operation. But for a novice designer, the practical 
suitation is not as simple as that. Many points have to be 
considered, such as the class of fit which describes the 
degree of looseness or tighteness when the mating parts are 
assembled and also determining the desired function which 
results from the application of allowances and tolerances. 
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Additional information ot concern is: the size of the part, 
the length of engagement, the type of material in both 
parts, the surface roughness permitted, the relative speeds 
of the mating part in contact, the lubrication used, the 
loads, the manufacturing cost and the assembly consider-
ation. 
With the aid of tr·ansferring wireframe models to 
boundary-type models via IGES, a solid model can be 
feedbacked to the designer for the three-dimensional 
visualization to select tolerances and class of fit properly 
and interactively. 
2.3.2 Procedure: 
Step 1: 
A two-dimensional drawing or three-dimensional wireframe 
model with dimensions and tolerances drawn on the UGI! 
system is the first to go through the pre-processing step in 
order to get an IGES formatted data file. 
Step 2: 
The basic hole system uses the minimum hole size as the 
dimension from which to calculate the allowance and to 
establish the tolerance which will produce the desired fit. 
This system was used more frequently in practice because it 
is easier to machine the outside diameter of a shaft than a 
mating bore. 
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These dimensions and tolerances(d/t) are saved in the 
form of general notes in the IGES file. The tolerance forms 
can be specified by system parameters of UGII system and 
diversified into eleven types(Table 12). 
Tolerance Types 
1. No Tolerance 
2. Limit, 1 line 
3. Limit, 2 line 
4. Bilateral, 1 line 
5. Bilateral, 2 line 
6. Unilateral, above 
7. Unilateral, below 
8. Basic 
9 • Reference 
10. Limit, Larger first 
11. Limit, Larger below 
Examples 
1.0000 
.9375 - 1.0625 
1.0625 
.937 
1.0000 + .0625 
1.0000 + .0625 
- .0625 
1.0000 + .0625 
- .0000 
1.0000 + .0000 
- • 0625 
1.0000 
(1.0000) 
1.0625 - .9375 
.9375 
1.0625 
Table 12. tolerance types in UGII system 
A routine reads the IGES file and lists the dimensions 
and tolerances according to the tolerance types. User 
chooses the d/t to be analyzed and put in a seperate array, 
then the .. other unnecessary dimensions will be blanked out 
~utomatically • 
'1 
' t
,! 
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Step 3: 
The position tolerances are to be viewed as an 
additional size tolerances (Figure 10,11, and 12). 
To a hole of radius, 
For a location, 
RH+ 
~+ 
YH + 
rf •> 
TH 
X => 
TH y => 
H 
R MAX and 
H 
R MIN 
~x and XHMIN 
YHMAX and YHMIN 
These location tolerances can be replaced by including their 
effect in the size specification. 
H H 
- T • (TH +1THX2 + TH 2) R EQMIN == R MIN ~OM -XYMAX y 
== ~OM - T * 
H RH 
+ TXYMAX 
~OM+ (TH+ TH 2 + TH 2) R EQMAX - -MAX X y 
* -
~OM+ T 
where, * TH +JTHX2 + TH 2 T -
- y 
~OM : nominal size of hole 
H R EQMIN: minimum equivalent radius of hole 
R8EQMAX: maximum equivalent radius of hole 
Step 4: 
After all the sets of d/t having been chosen, the 
analytical result will indicate the class of fit which is 
clearance, transition, interference, or force fit designed 
by the designer, class of hole, class of shaft, the amount 
of clearance or interference, and will recommend the 
appropriate tolerances and allowances. If the result is 
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satisfied, then the program goes to the next set of data. 
Otherwise, user inputs the modified tolerances and runs the 
process again. The flowchart of the routine is shown as 
Figure 13. This interactive way can help the user to 
determine tolerances efficiently. These tolerance groups are 
plotted by using the VS11/3D package developed by Dr.T Ozsoy 
of CAD Laboratory at Lehigh University on the TEKTRONIX 
4107. The horizontal axis means the datum line of the basic 
hole system, above this datum is the tolerance zone of hole, 
and the tolerance zone of shaft is able to shift above or 
below this basis. If the tolerance zone of shaft is located 
under the datum, then it means that the mating parts is of 
clearance fit{Figure 14). If the two tolerance zones have a 
common region, the transition fit exists(Figure 15). As the 
tolerance zone of shaft is higher than the location of the 
tolerance zone of hole, it represents that the class of fit 
is interference fit or force fit(Figure 16). Clearance fits 
are in such a way that any combination of the pair of a hole 
and a shaft produces a clearance allowance between the two 
parts. They are intended for stationary assemblies which can 
be freely assembled or disassembled. Interference fits are 
' 
those which result after the tolerances have been applied to 
mating parts, which always produce an interference when they 
are assembled no matter which combination of hole and shaft 
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are selected. Thia tit ia used in the accurate situation, 
but not suitable for transmitting motion. 
Step 5: 
For the solid visulization, the dimensions and 
tolerances to be analyzed are read into POLYGON which creats 
a three dimensional boundary-representation solid assembley. 
(Figure 17). 
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Summary: 
Chapter 4 
conclusion and PUrther study 
With the medium of IGES and the program translator 
developed herein, two different CAD systems, Unigraphics II 
and POLYGON, can communicate with each other. Polygon 
provides a powerful capability of unambiguously consturcting 
boundary-representation geometric • wire frame models from 
models. As a result of this construction, a hidden-line or a 
solid model display can be obtained by either invoking the 
NASA hidden-line removal package or communicating with the 
GEOMOD CAD system. The development of the translator 
routines only constitute a 
integration of CAD/CAM systems. 
first step towards the 
There is no specified entity type describing the 
dimension and tolerance by the IGES interface. The user 
relies on the self-developed routines to retrive the 
dimensions and tolerances from the form of general notes in 
IGES, therefore, the tolerance analysis can be done and 
provide designers not only with information concerning the 
class of fit but with the data read into POLYGON for the 
three-dimensional visualization. 
It is recommended that the further study related to the 
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translator and the tolerance analysis be carried out within 
the following areas: 
l).There is always a problem existing due to the 
positions of transfotmation matrices appearing in the IGES 
file which are preprocessed by the Unigraphics system. The 
corresponding data of matrices are positioned after the data 
of all other types of entities. While conics and arcs are 
read, the data for these two types have to be stored • 1n 
temporary buffers waiting for being processed till the 
correspoinding transformation matrices are reached. The 
positional arrangement retards the whole conversion time. 
The IGES file from Computervision CADDS4X corrects this 
disadvantages by promoting the portion of matrices to the 
front of the file. A direct way can process the • mapping 
steps with the benefit of saving a great deal of conversion 
run time and storage space. It is worth the effort to 
investigate how possibly to rearrange the appearing order of 
each entity type just like what the Computervision did. 
2).The results of this thesis provide a way that allows 
dimensions and tolerances from a two-dimensional drawing 
converted to be the characteristics of a three-dimensional 
B-rep solid. The interface of dimensions and tolerances 
between POLYGON and GEOMOD will be the coming work. 
3).As a further application of the tolerance analysis, 
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the module should include some dynamic analyses of the two 
mating parts. For example, the force fit will produce the 
interface pressure between two elements press-fitted 
together, and the analysis can be done by the deflection 
method. If a rotating disk is press-fitted onto a shaft, the 
interface pressure can reduce to minimum by chosing the 
appropricate speed of disk. The radical and tangential 
stresses along the surface of disk and shaft can be 
displayed in different colors according to the stress 
distribution. Such topics are worth for further studies and 
for increasing the capabilities of POLYGON. 
4) .For the three-dimensional tolerance analysis display, 
an interference algorithm should be developed. The rational 
B-spline curves and surfaces provide a good way to approach 
and to solve this problem. 
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TESTING FD~ ftDUTINE MAP CHECt'\lNG THE f<EDUNt'ENT INF'ON. <R 2> s 
AF~IL 1~/86 s 
' ' 
6HT1.PRT, 12H1G5DATA4. IGS,25HUl~IGRAPHICS I I - 0-'JAX, ? 5H1C:ES 2. 0-R. C.' 
1.3, 16,8,24,8,So, 12HIQ5DATA4. IGS, 1.000, Q 
1,4HINCH,J,, 13H860416.093419,.0DO,,,i G 
110 1 1 1 1 0 0 0 0 0 0 OD 
110 2 0 2 0 0 0 LINE 1D 
110 3 1 1 1 0 0 0 0 0 0 OD 
110 2 0 1 0 0 0 LINE 2D 
110 4 1 1 1 0 0 0 0 0 0 OD 
110 2 0 1 0 0 0 LINE 30 
110 5 1 1 -1 0 0 0 0 0 0 OD 
110 2 0 2 0 0 0 LINE 4D 
110 7 l 1 1 0 0 0 0 0 0 OD 
110 2 0 2 0 0 0 LINE SD 
110 IP' 1 1 1 0 0 0 0 0 0 OD 
110 2 0 1 0 0 0 Lil~E oD 
110 10 1 1 1 0 0 0 0 0 0 C•D 
110 2 0 1 0 0 0 L II\IE 7D 
110 · 11 1 1 1 0 0 0 0 0 0 OD 
110 2 0 2 0 0 0 LINE 80 
110 13 l 1 1 0 0 0 0 0 0 OD 
110 .2 0 2 0 0 0 LINE 9D 
110 · 15 1 1 1 0 0 0 0 0 0 OD 
110 2 0 2 0 0 0 LihtE 10D 
110 17 1 1 1 0 0 0 0 0 0 OD 
110 2 0 2 0 0 0 LINE 110 
110 1q 1 1 1 0 0 0 0 0 0 OD 
, 110 2 0 1 0 0 0 LINE 12D 
110 20 l 1 1 0 0 0 0 0 0 OD 
110 2 0 1 o· 0 0 LINE 13D 
110 21 1 1 1 0 0 0 0 0 0 OD 
110 2 0 1 0 0 0 LI1'1E 14D 
11 c, 22 1 1 1 0 0 C, 0 0 0 OD 
110 2 0 1 0 0 0 LINE 15D 
110 23 1 1 1 0 0 0 0 0 0 OD 
11c, 2 0 2 0 0 0 . LINE 16t• 
110 25 1 1 1 0 0 0 0 0 0 OD 
110 2 0 1 0 0 0 Llt\!E 170 
100 26 1 1 1 0 55 0 0 0 0 OD 
100 2 0 2 0 C• 0 ARC CIR 1D 
100 28 1 1 l 0 55 0 0 0 0 OD 
100 2 0 1 0 0 0 ARC CIR 2I) 
1CO 29 1 1 1 0 S5 0 0 0.0 OD 
100 2 O· 1 0 . 0 • 0 ARC CIR 3D 
100 30 1 1 1 0 5S 0 0 0 0 OD 
100 2 0 1 0 ·O 0 ARC CIR ~D 
100 31 1 1 1. 0 55 0 0 0 0 C1D 
100 2 0 2 0 0 0 ARC ClR 5D 
100 ~~ ..,j •.,J 1 1 1 0 55 0 0 0 0 OD 
100 2 0 _.,. C. 0 0 0 ARC CIR 6D 
1c,o 35 1 1 1 C ~s 0 0 r-. ..., 0 OD 
100 2 0 1 0 0 0 ARC CIR 7D 
1cc, 36 1 1 1 0 c.~ ~ 'I," 0 0 0 0 OD 
lOC• 2 0 2 0 0 0 ARC CIR SD 
lCO 38 1 1 1 0 c.c; 0 0 0 0 OD ~· ... 
100 2 0 1 0 0 0 ARC CIR 'i'D 
100 39 1 1 1 0 55 0 0 0 0 OD 
100 2 0 l 0 0 0 ARC CI~~ 100 
124 40 1 1 ~-,1 C,. • 0 0 0 0 0 0 OD 
Table 1 IGES data file represents the graphic 
figure shown on the next page 
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•• 
J 
~, 
.. 
t 
2 
3 
l 
2 
3 
4 
~ 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
:?1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
-r") 
~c.. 
"''""' ~.:,
34 
r,5 
...:, .. 
-·t ~, 
.-.9T 
..., / 
3£=; 
3C;-' 
40 
4 l 
42 
43 
44 
45 
4t. 
47 
48 
4r,-
50 
~1 
..., .. 
. !>2 . 
~3 
54 
c:. t. 
..... , 
,~ ·P~··1·,-· ... 
. . 
1~4 2 0 2 0 0 0 MATRIX 
110, .2~D0,-.346944e~S1953e1D-17,.0D0\.7sDO, 
-.34694.6951~53b1D-17, .000,0,0; \ 
110,. 1D1,.25D0,.0D0,. 101,. 7500,.0D0,0,0; 
110, .75DO,. 1D1, .ODO, .25DO,. 1D1, .OD0,0,01 
110,-. 1387778780781450-16,.7500, .OD0,-.3469446q~19~361D-17, 
. 2SDO, . ODO, 0, 0; 
110,.2SD0,-.3469446951953b1D-17,. 15D1,.7500, 
-.34694469519S361D-17,. 1SD1,0,01 
110,. 1D1,. 25DO,. 15D1,. 1D1,. 7SDO,. 15D1, 0, 0; 
110,. 75DO,. 1D1,. 15D1,. 25DO,. 1D1,. 1SD1, 0, 01 
110,-. 1387778780781450-16,.7500,. 1~D1,-.34694469S1953o1D-17, 
• 25DO, . 15D1, 0, 0; 
110,-.3469446951q5361D-17,.25DO,.OD0,-.346q44695195361D-17, 
.25DO,. 1SD1,0,0; 
110,.25D0,-.346944695195361D-17,.0DO, .25DO, 
-.346q44695195361D-17,. 1501,0,0; 
110,. 75D0,-.346~44695195361D-l7,.0&0,.7SDO, 
-. 3469446951q5361D-17,. 15D1, 0, 0; . 
. 110, . 1Dl, . 2500, . ODO, . 101, . 2SDO, .... -15Dl, 0, O; 
110,. 1D1,.75DO,.OD0,.1Dl,.7~,. 1SD1,0,0; 
110, .7SD0,.1D1, .ODO, .75D0,~1D1,. 1501,0,0; 
110,. 25DO,. 1D1,. ODO,. 25Do/-:·tD1, 4 15D1-, 0, O; i 
110,-. 138777878078145D-16,.75DO;.ODO,-. 138777878078145D-16, 
.75DO,. 15D1,0,0; 
110,.75D0,.5DO,.ODO, .75DO, .5DO,. 1SD1,0,0; 
100,.CD0,.25DO, .25D0,-.346q446951~5361D-17,.25D0,.25DO, 
-.346944695195361D-17,0,0; 
100,.0D0,.75D0,.25DO,. 75D0,-.3469446q519S361D-17,. 1D1,.25D0,0,0; 
100, .ODO,. 75DO, .75DO,. 1D1,. 75DO,. 75DO,. 1D1,0,0; 
100, .ODO, .25DO,. 75D0,.25DO,. 1D1,-. 13877787807814SD-16,. 7500,0,0; 
100,. 15D1,.2SD0,.25D0,-.346944695195361D-17,.25DO, .25DO, 
-.346944695195361D-17,0,0; 
100,. 1SD1,. 75D0,.25D0,.7SD0,-.346944695l95361D-17,. 1Dl,.25DO, 
0, 0; 
100,.1SD1, .75DO, .75D0,.1D1,.75DO,. 75DO,. 1D1,0,0; 
100,. 15D1,.25DO,. 75D0,.25DO,. 1D1,-. 138777878078145D-l6,. 75DO, 
0, 0; 
100,.000,.5D0,.5D0,.75DO,.SD0,.75DO, .5D0,0,0; 
100,. 1SD1,.5DO,. SD0,.75DO,. SDO,. 75D0,.5D0,0,0; 
124,.lDl,.ODO,.ODO,.ODO, .ODO,. 1Dl,.ODO,.ODO, .ODO,.ODO,. 101,.0DO, 
0, 0; 
5 2G 
laeltln Tr•f•nd t 41 
I. felata • II 
l, Un•• • lf • 
,. Arca • 11 
•• Conlee • D 
.. 
56P 41 
• 
lD 
1P 
1P 
3P 
SP 
7P 
7P 
9P 
9P 
11P 
13P 
15P 
15P 
17P 
17P 
t '?P 
1'iP 
21f' 
21P 
23P 
25P 
27P 
29P 
31f' 
31P 
33P 
35P 
3SP 
37P 
39P 
41P 
43P 
43P 
45P 
45P 
47P 
49P 
49P 
51P 
53P 
55P 
55F' 
T 
J. 1,1, .. , • 0 
,. c,,it- • 1 Table 1 (continued) 
• 
. 
. 1c:!lff2,DAT 
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• 
56 
1 
2 
3 
4 
5 
6 
7 
e 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
1 
I 
; 
... Potnts (Absolute Cool'd. I 
X Coardinat• ¥ Cool"dtn•t• Z Coal"d i.n•t• 
-O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0. 61;25£+01 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0.1900E+OO 0.0000E+OO 0.6125E+01 0.1900£+00 D.OOOOE+OO O.OOOOE+OO 0.0000E+OO 0.2934E+01 0.£125E+01 0.0000E+OO 0.2934£+01 O.OOOOE+OO 0.1900£+00 0.2934E+01 0.6125£+01 0. 1900E•OO 0.2934E+01 O.OOOOE+OO 
-0.92'4SE+OO 0.3,03E+01 O.OOOOE•OO 
-0.5b49E-+OO 0.3634E ... 01 0. 10DOE+01 0.1900E+OO 0.2250E+Ol 0.1000E+01 0. 1900E+CC 0. 293-JiE+Ol 0.1000E+01 O.OOOOE+OO 0.22SOE+Ol 0.1000E+01 0.0000E:+00 0.2934E+Ol 0.3438E+OO -o. 1247E•01 0.338SE+01 0.6563E+OO -o. 1247E+Ol . O. 3385E+Ol 0.3438E+OO 
-0.11E3E ... 01 0.3207E+01 0.6563E+OO 
-0.1183E+01 0.3207E+Ol 0.5125E+01 O.OOOOE+CO 0.~50E+01 
0.5125E+01 0. OOOOE+OO 0.2934E+Ol O.S12SE+01 0. 1900E+OO 0.:?25uE+01 O.S125E+01 o. 1 r,ove:.;.00 0. 2934E+Oj 0.46'25E+01 0.1900E+OO 0. 1750E+Ol 0. l~OOE+01 0. 1900E+OO 0.1750E+01 
0.4625E+01 O.OOOOE+OO 0.1750E+01 
0.1SOOE+Ol O.OOOOE+OO 0. 1750E+01 O.OOCOE+OO 0.1900E+OO ·0 . .3105E+Ol 
O.t.885E+OO -0.9245E ... OO 0.3~03E+01 
.I 0.t.885E+OO 
-O.B595E+OO 0.3324E+01 
O.OOOOE+OO 
-0.8595E+OO 0.3324E+Ol 
0.1000E+01 
-0.8595E+OO 0.3324E+01 
0. t.570E-+OO 0.1811E-07 0. lOOOE+Ol 
O.t.570E+OO 0.1900E ... OO 0. 1000E+01 
0.5000E+OO 0. 1811E-07 0.1157E+Ol 
0.5000E+OO 0.1900E+OO O. 1157E+01 
0.3430E+OO 0. 1811E-07 O.tOOOE•Ol 
0.3430E+OO 0. 1900E+OO O. 1000E+Ol 
0.SOOCiE+OO 0. 1B11E-07 O.B430E+OO 
0.SOOOE+OO 0.1900E+OO O.B430E+OO 
0.0000E+OO 
-0.4999E+OO 0.345~E+O: 
0. 1000E+01 -0.9245E-+OO 0.3503E+Ol 
0.1000£+01 -o. 564'7C:-+ 00 C.3634E+01 
O.OOOOE+OO 
-0.3242E-06 0.3105E•Ol 
0.lOOOE+Ol 0. 1900E+OO . O. 31C•~E+O! C c. .. r ~ - "' ·"\ , .• L· .•l.,·:. ~ \.'\,,, -o 747":c:."+c'·Q • • 1--1- .. CJ ~- ~; 6., E .. (• 1 • .., W I • 
0. ~OCOE ... O<:• 
-C•. 682.:;.E+C•O C.3389E+Ol 
C•. 31 t 5E+OO 
-0. q245E+C•O 0.3~03E-+01 
0.311~E•OO 
-O.B59SE:+OO 0.3324E+Ol 
0.5000E+OO 
-0. 1102E+Ol 0.3438E+01 
0. !-OOOE+OO 
-0. 1037E+Ol 0.~260E+C1 
0. tOOOE+Ol 
-0.4999E+OO 0.3455E•01 0. 1000E+01 
-0. 3242E-C•6 0.31C5E ... 01 0.~125E+01 
-0.9245E+OO 0.3503E:+01 
0.512~E+Ol 
-0.5b4'iE+OO 0.3634E+01 
0.5469E+01 
-0. 1:247E+01 0.338SE+01 0.S781E+01 
-0. 1247E+01 0.3385E+01 
0.5469E+01 
-o. 1193:'.+01 0.3207E+01 0.S781E+01 
-0.1183E+01 0.3207E+01 0.512~E-+01 0. 1900E+OO 0.310SE+01 
0.5125E+Ol 
-0.8S95E+OO 0.3324E+01 
' 0.6125E+01 
-0.8595E+OO 0.3324E+01 0.S125E+Ol 
-0.4999E+OO 0.345:5E+01 
0.6125E+01 
-0.924SE+OO 0.3503E+01 
C.6125E+01 
-0.5649E+OO 0.3634E+01 
0.512!iE+Ol 
-0.3242E-06 0.310:5E+01 
0.612~E+01 0.1900E+OO 0.310SE+01 
O.b1~5E•Ot -0.4999E+OO 0.34,5E+01 
0.612SE+01 
-0.3~42E-06 0.310:5E-+Ol 
O.S62SE+Ol 
-0.7473E+OO 0.3567E ... 01 
0.5625E+01 
-0.6B:Z4E+OO 0.3389E-t-01 
0.5437E+01 -0.9;!45E+OO 0.3S03E-t-01 
0.5437E-+01 
-0.8595E+OO 0.332'4E+Ol 
0.5625E+01 -0.1102E+Ol 0.3438E+01 
o.,625E+Ol -0.1037E+01 0.32bOE+01 
o.~e13E+o1 -0.9245E+OO 0.3503E+01 
o.,at3E+o1 -O.S595E+OO 0.33~4E+01 
Table 2 IGES POLY.DAT data file for Figure 
--
stores the output data obtained from 
UGII-to-POLYGON conversion module 
so 
•••Lin••-:, 
End Node t End Nod1 2 Line ColoT (Def•ult•B) 
t 2 8 
3 4 8 
1 3 a 
2 4 e C 
1 s 8 
2 6 8 
3 7 8 
4 a a 
q 10 8 
11 12 8 
13 14 s 
15 16 8 
17 18 B 
3 4 e 
1 2 8 
19 20 8 
21 22 8 
23 24 B 
2~ ~6 6 
7 27 e 
28 2'? 6 
~o q B 
30 17 e 
16 18 ·8 
31 18 8 
32 33 a 
34 3, e 
36 37 8 
38 39 B 
30 40 a 
41 42 a 
., 5 43 8 
12 44 8 1, q 8 
15 17 a 
41 16 a 
41 31 a 
45 46 e 
47 48 e 
49 :,o a 
31 51 8 
14 52 a 
27 44 8 
10 42 8 
43 52 8 
40 51 a 
53 54 a 
55 56 8 
57 58 8 
.:2 59 a 
60 53 a 
60 57 9 
61 58 B 
56 58 8 
60 62 8 
63 64 a 
20 6S 8 
s 66 s· 
57 55 8 
63 61 8 
53 55 a 
63 56 s 
61 67 a 
6 68 8 
59 66 a 
64 8 
,. 
54 
65 68 8 
62 67 s ' 
6c;' 70 a 
71 72 a 
73 74 B 
1, 76 6 
13 11 e 
26 ,4 8 
25 23 8 
iq 21 8 
Table 2 (continued) 
51 
. 
• 
••• Af>tl ---:, 
• N'l. Bevtning Angle End Anvl• J CooT"d. y COOl"d. z COOl'"d. Raaiu• 
-----....... - .-....---
_._, ______ - ______ ._. _______ 
1 0.4712E+01 0.6283E+Ol 0. 1500E+01 0.0000E+OO 0.2250E+01 0. ~OOGE:+00 
2 0.3142E+01 0.47I~E~01 0. l~OOE+01 0. 190CE+OO 0.~~50E+01 u. :-oooE+oo 
3 0.3142E+Ol 0.471;2E+01 0. 4625E+Ol 0.0000E+OO 0.~~50E+01 o. ,oooE+oo 
4 0.314~E+Ol 0.4712E+Ot 0.4b25E+Ot 0. 1qooE+OO 0.~250E+01 O.SOOOE+OO 
~ 0.0000E+OO 0. 1920E•01 0.0000E+OO -0.3725E+OO 0.3105E+01 0.3725E+OO 
6 O.OOOOE+OO 0. 1q20E+Ot 0.0000E+OO -0.372SE+OO 0.3105E+01 0.562SE+OO 
7 O.OOOOE+OO 0.6283E+01 0.5000E+OO -0.8~95E+OO 0.3324E+01 0. 1885E+OO 
8 0.0000E+OO 0. 6283E+Ol 0. ~OOOE+OO -O.q24~E+OO 0.3503E+01 0. 1B85E+OO 
q 0.0000E+OO 0. 1920E+01 0. 1000E+01 -0.372~E+OO 0.3105E+01 0.56~5E+OO 
10 0.0000E+OO 0.6283E+01 0. 5000E+OO 0. 1811E-07 0. 1000E+01 0. 1~70E+OO 
11 0.0000E+OO 0.6283E+01 0.5000E+OO 0. 1900E+OO 0. 1000£+01 0. 1~70E+OO 
12 O.OOOOE+OO 0. 1920E+01 0. 1000E+01 -0.3725E+OO 0.:?10~E+01 0.3725E-t-OO 
13 0.0000E+OO 0. 1920E+Ol 0.~1~5E+01 -0.3725E+OO 0.310:5E+01 0.372~E+OO 
14 O.OOOOE-+00 0. 1920E-t01 0.51:Z5E+01 -0.372!5E+OO 0.310~E-+01 0.~625E+OO 
15 0.0000E+OO 0. 1q20E+Ol 0.61~5E+01 -0.3725E+OO 0.310!5£+01 0.5b25E+OO 
16 O.OOOOE+OO 0. 1920E+01 0.b1;?SE+01 -0.3725E+OO 0.3105E+01 0.3725E+OO 
17 0.0000E+OO 0.6~83E+Ol 0.562SE+Ol -0.'124:SE ... OO 0.3503E+01 O.lBB~E+OO 
18 0.0000E+OO 0.6283E+01 O.S62SE+o1 -0.859:5E+OO 0.3324E+01 0. 1885E+OO 
*** TT•n•form•tion tLi tr i I -'-• 
CSYS tJo. 
1 
2 
3 
4 
5 
6 
7 
8 
C'i 
X A1is Unit Vector Components V A1i1 Unit V•ctor Components 
-~--~ 
0. 100000E+01 O.OOOOOOE+OO 0.000000E+OO O.OOOOOOE+OO 0. 100000E+01 O.OOOOOOE+oO 
0.100000E+01 O.OOOOOOE+OO O.OOOOOOE+OO 0.000000E+OO O.OOOOOOE+OO 0. 100000E+01 
O.OOOOOOE+OO 0. 100000E+01 O.OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO 0. 100000E+01 
0. 10000GE+Ot O.OOOOOOE•OO 0.000000E-+00 0.000000E+OO -. 100000E+01 O.OOOOOOE+OO 
O.OCOOOOE+OO -. lOOOOOC::+01 0.000000E+OO O.OOOOOOE+OO O.OOOOOCE+OO 0. 100000E+01 
-. 100000E+01 O.OOOOOOE+OO O.OOOOOOE+OO 0.000000E+OO O.OOOOOOE+OO 0. 100000E+01 
-. 100000E+01 O.OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO o.q396q2E+OO 0.34.!021E+OO 
0. 100000E+01 O.OOOOOOE+OO O.OOOOOOE+OO 0.000000E•OO 0.939692E+OO 0.342021E+OO 
0.707107E+OO -.408248E+OO O.Sn3SOE+OO 0. 707107E+OO 0.408~4BE+OO -.5773SOE+OO 
Limit V•lu~• of View Volumn: 
Table 2 
.. 
X~in • O.COCOE+OO 
Vmin a -0. 1247E+01 
Zmin = O.OOOOE+OO 
Ent i ti•s Tran~ferr•d . . 
1. Pain+;; a 76 
.., Line • s: ,, &. . 
-, Arc, w, a 1 F, 
4. Conic, ,r 0 
5. Spline~ C: 0 
£. C•v5t•m1 
-
'i 
(continued) 
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179 • 
Xma 1 11: 
Vm• 1 • 
Zm•1 c 
0.o1:?5E+01 
0. 1900E+OO 
0.3634E+01 
• 
.------------------------...,.._-~~""""-·......,.·'1"'1",,....-.. ,.T""",. ~~--. ··,r 
UGII to IGES 
module 
TRANSLATOR 
w/output 
UGII 
Part File 
IGES 
Pre-Process 
IGES Formatted 
Data File 
w/o output 
output Information 
IGES POLY.DAT 
Common 
Data 
Block -
POLYGON 
Tolerance Analysis 
module 
Size Tolerance 
Position Tolerance 
Class of Fit 
for 3D 
visualization 
Figure 1 block diagram of UGII-to-POLYGON module 
and Tolerance Analysis module 
Start Section 
Global Section 
Directory Entry Section 
ParaII1eter Data Section 
Terminate Section 
Figure 2 IGES general file structure 
,, 
53 
• 
\ 
••qurnce number I~ column 1-12---------------t~HI +. 
--~--------------------This section is a man readable prolog to the file. It can contain an arbitrary 
n,1rnber of records 
• 
• 
using ASCII characters in columns 1-72 
• 
Figure 3. 1 start section 
6000000 l 
S0000002 
S0000003 
• 
• 
60000020 
• 
delimiter 
and 
information for pre and post processor includes: 
G sequence 
number end of file 
delimition 
product ID from sending system file name, system ID, 
ANSI translator version, unit, 
scale, single precision or double precision floating point, date and time of file generation, 
• 
• 
Figure 3. 2 global section 
entity para- ' line level • defining version view type no. meter font matrix data pointer 
entity line pen 
para-
meter form reserved type no. weight no. record no. 
count 
Figure 3. 3 directory entry(DE) section I 
54 
label status 
display 
entity 
entity sub-
lable script 
seq# 
D ... ----
seq# D----
• 
• 
( ' 
! . 
column 65 73 74 
entity type n,,mber • DE Pl'R p sequence 
(parameters separated by commas 
" 
, ") number 
entity type number DE PTR p sequence • (parameters separated by commas " , ") number 
• 
DE Pl'R p sequence 
(parameters separated by commas): number 
* DE PrR points to the directory entry for this entity 
Sequence niimber begins with the letter P and is sequentially n11mbered 
start 
section 
SlO 
T 
Figure 3. 4 parameter data section 
9 17 25 73 
global directory para- not terminator 
section section meter used section 
G03 D60 Pl20 T 1 
fer expressing the last sequence n11mher used in 
each of the other four sections 
Figure 3.5 terminate section 
55 
• 
read 
IGES data 
file 
.. 
) 
Directory Data Section: 
entity type record 
number record 
entity type record 
number record 
• 
Parameter Data Section: 
one entity record 
type record 
• 
record 
one entity record 
type 
• 
record 
• 
• • 
REWIND 
CALCULATING 
PART 
POLYGON 
1 
2 
1 
2 
1 
2 
record 
. 
n, ' delimiter 
1 
n; 
Figure 4 block diagram for reading IGES file 
56 
• 
, 
• 
READ IGES 
DAlA FILE 
. OETERUtNE 
ENTITY TYPE 
? 
·---...-----
.J 
---
·---- READING PART · 
POINT ,LIN::,S?LINE· 
ITYP= 
WORKING · 
COORO I NA-TE-5 
SYSTEM 
tr lTYP::100 ~ 104 
IARC·OR CONlCJ,STORE 
'THE DATA INTO TEJ.P~ARY 
BUrfERS· 
. J 16, 110, . 112 
, I 
D-ECK TIE REDt.NJENT··OATA, 
JF DUPL1C,\1EO POINTS. CCLINEAR. 
LI NE5 OR OVERLAP? l ~ ARCS 
EXIST. 
• 
CALCll.ATION PART · . 
FOR EACH EITTJTY TYPE - - CA!..CLt.ATIJ-"3 PART 
~BLOCK 
LINKED WITH 
POLYGON 
Figure 5 . flow chart of routine TRANSLATOR 
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I ; 
·'..:o.\ . 
·, ----~- ~
r-r-------~------ ~
----
----
---,-,-
----...,
......._
_,.~~ 
,.- . '·-,• -
.. - ,----.,-· ---~··· .. I'"''"'' .. • I I'. r,-,r, '~- •• , 
-- -~----. ---~,-' _..,.....,...,._ . --,..,.. ~
-
· START ANO .. 
GLOBAL SECTION ----·· ----
r--~--- .... --
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, -, 
- --
----
ST ART I 
... ~ 
T 
TRANSLATOR READS CHARACTERS F RO.t 
1 TO BO ANO DEC I DES THE ENT I TY TY~PE 
DIRECTORY _____ i ____ _ IF IT rs EllYER AAC OR
 C0NIC,1RAN5LATCR 
E:NCOCES MD DECODES TI£'PO[NTER ANO 
SEOUENCE NLJABER WHICH DEFINE THE.TRANS-
FORMATlON MATRICES. 
DATA I 
'SECTION I 
I 
I 
I 
I 
I 
I 
I 
J If IT IS TRA?£F~TICN MATRIX. 
I TRMS..ATOR KEEP:l·T~·ADORESS L-------_.... OF MATRIX LOCATED IN-THE·· PARAMETER 
01\TA·.SECTJON.-
• 
__ ...__ ___
_____
_____
 ____, 
PA~M'.ETER 
DATA 
SECTION 
1cRM1NATOR 
.SECTION 
REWIND 
' . 
....... ~------- .... .-. 
T 
REACJS-THE DATA IN THE-PARAMETER 
DATA SECTION AND WRITE-cmo A TEM· 
Pa:iARY BUFFER RECORD·BY RECORD WHICH 
IS COMF'LETELY 01STINOUISHEO 6Y.TERMINATOO 
. (II f"OR EACH ENTITY TYPE. 
T 
ENCODES AND DECOOES.n£ CHARACTER 
-----
-- --
_ _. OF CCl..U~ 73. IT MEANS THAl Al L 
PARAMETERS HAVE 6EEN HEIRlEVEO. 
. END OF. -AE-r-R IV l NG 
lGES DAlA 
Figure 6 reading part of routine TRANSLATOR 
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Figure 7 calculating part of routine TRANSLATOR 
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Figure 8 routine for-checking colinear lines 
60 
.. 
• 
·M:c. AARAY INCLUOlN3 
SOME OVER.AP?Jt'8 AA.CS 
N: N+ 1 .,.___N_O----c 
NO 
NO . 
NO 
SOOTIOO 
'*E.5 
OVERLAP?ING ARCS EXIST. 
ADJUST LABELS 
Or ARCS 
Figure 9 routine for checking overlapping arcs 
61 
I RH •· TH 
,-~· 
I 
I \... _) 
-
YH + • THY 
I 
I 
-
. XH +- THX 
Figure 10 size tolerances 
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Figure 11 position tolerances 
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• SET OF HOLES rROM 
NOUtNAL CENTER 
SET OF HJLES WtTH MAX. 
RADIAL TOL. RH i TH 
SET Or HJLES WITH MIN • 
RADIAL TOL. RH· TH 
Figure 12 position tolerances viewed as an 
additional size tolerances 
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Pr CK UP THE NEXT 
SEi Or C&T 
UG If 
IGES 
PJCK I.JP SETS OF OIMENStONS ANO 
TOLERANCESIO&T1 THAT WILL DO 
THE TOLERANCE ANALYS[S 
-------,-.---~------· 
PICK LP Tl-£ flRST SET Or KlLE, 
SHAFT A~ PQS(TION C&T 
EXECUTE ROUTl~ 
ACCORDING TO THE P[CTURE,THE 
USER DETERMINES THAT THE RESULT 
IS SATISF(ED IWJTHIN THE RANGE. 
Or STANDARD CLASS CY rlTS OR NOT 
YES 
INPUT THE MOOirtEO C&T 
NO . 
YES 
GO B1'Ck TO UGI f Af\fO · 
CHANGE TO Tr£ CCARECT C&T 
AVOID REPEATING 
UG t I • T 0- t OES 
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Figure 13 interactive procedure of tolerance analysis module 
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hole 
datam 
shaft 
Figure 14 clearnce fit 
hole 
datam 
shaft 
Figure 15 transition fit 
• 
hole 
shaft 
datam 
Figure 16 interference fit 
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APPENDIX 
Case studies: Example l / UGII-to-POLYGON Module 
ENTER COMMAND# RE 
ENTER MODEL FILE NAME# X234.DAT 
INPUT DATA 
ENTER COMMAND# M 
UGI FILE-11 
-UNIVERSAL 
-UGI! 
IGES 2 
-CHRYSLER 
ENTER COMMAND# IGES 
I GES CONVERSION 
- -TOLERANCE ANALYSIS 
ENTER COMMAND# IC 
POLYGON database opens a scratch file 
X234.DAT 
The system prompts for a command. The 
menu is available by entering a ''M", 
and several choices are: 
Enter ''IC'' for invoking the translator 
program. 
TYPE IN IGES 2 MODEL FILE#? FMCOl.DAT 
-
OUTPUT FILE 
-NO OUTPUT FILE 
-
The FMCOl is a wireframe model 
created on the McAuto's Unigraphics II 
CAD system as shown in Figure 17. 
After pre-process of IGES package, it 
becomes the FMCOl.DAT data file in 
IGES format. 
The data transferred from IGES file 
can be saved in IGES POLY.DAT data 
-file with entering "OU" command. The 
''NO'' command skips to the next choice. 
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Figure 17 
isometric 
~ r I 'I 
-- . 
I 
.. _ 
right 
wire frame model created on McAuto's 
Unigraphics II CAD system 
ENTER COMMAND# OU 
TRANSLATING •.•••• 
ENTITIES 
POINTS 
LINES 
ARCS 
CSYSTEMS 
TRANSFERRED 
= 76 
= 76 
= 18 
= 9 
ASSIGN UNITS 
ENTER COMMAND# IN 
I • 
There will be output presentation on 
the entities obtained from FMCOl.DAT 
file as shown in Table 2. 
: 129 
A summary is listed to show how many 
entities are performed. 
There are two units system which can 
be assigned. Answering with "IN''. 
INPUT DATA VALIDITY CHECK(Y/N) ? Y 
Type "Y'' to check the input data for 
zero-length, duplicated colinear, and 
overlapping entities. 
*** CHECKING INPUT DATA: 
STRAIGHT LINES ••••• 
ARC, CONICS ....... . 
CUBIC, SPLINES ...•. 
MAIN MENU 
F ILE/T TERM 
- -PO INT 
-LI NE 
-ARC C 
-OTHER CU RV 
-POLYGON 
-DELETE 
-VERIFY 
-ED IT 
-
After this checking process, the model 
will be presented on. the screen as 
shown in Figure 18. The edges are 
displayed in green, and the end points 
are displayed in red. 
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Figure 18 boundary representations type solid model 
created 
UGII to 
by transfering geometric data from 
POLYGON system 
FILE MGMT 
- -SYS S PRMTRS 
WCS CTRC 
-HIDDEN DIS 
ENTER COMMAND# POLY 
POLYGON CREATION 
PLANAR 
-RU LED 
-RE VOLUED 
-ALL TYPES 
-CYCLES 
Enter ''POLY" for creating 
which include the planar 
surfaced polygons, and ruled 
polygons 
polygons, 
polygons. 
ENTER COMMAND# ALL 
SEARCHING FOR POLYGONS 
*** POLYGON 1 
.. 
• • 
*** 
POLYGON 23 
POLYGON CREATION 
ENTER COMMAND#/ 
ENTER COMMAND# ED 
EDIT MODEL 
LI NE END 
-CU VE END 
-MERGE END 
- -PO LY TYPE 
-MERGE POLY 
-OR DER POLY 
.. ENTER COMMAND# ME 
AU TO 
-MANUALLY 
-
All possible polygons 
of its edges turn 
surface edge marks on 
Figure 19. 
are created. All 
blue and have 
them as shown in 
Back to the main menu by entering the 
global command "/''. 
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. . 
Figure 19 
. ·-·_. - ~ 
' I 
I 
, 
t 
I 
, 
'. 
polygons created automatically and 
surface edge marks displayed 
• 
ENTER COMMAND# AU 
MERGING POLYGONS: 
13 31 
NEW ORDERING FOR POLYGON =31 
• • 
ENTER COMMAND# / 
ENTER COMMAND# HI 
To merge the polygons and to adjust 
the lables automatically. 
NUMBER OF POLYGONS = 64 
MAX. NUMBER OF EDGES= 26 
MAX. NUMBER OF HOLES= 1 
DI SPLAY 
-MODULE PRM 
ENTER COMMAND# DI 
ONE VIEW 
-FOUR VIEW 
ENTER COMMAND# ON 
ENTER COMMAND# EXIT 
All the polygons are defined. A hidden 
line model can be obtained by entering 
the ''HI'' command to invoke the 
HIDDEN LINE module. 
-
Choose one view display to show only 
the isometric view of the model with 
hidden lines removed as shown in 
Figure 20. 
EXIT WITHOUT SAVE(Y/N)? Y 
·' 
Enter the global command ''EXIT" to end 
the module and do not save a polygon 
file after answering a command "Y". 
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with hidden-lind removal display 
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Figure 21 two dimensional drawing with 
dimensions and tolerances created 
on the Unigraphics II CAD system 
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./ 
Case Studies: Example 2 / Tolerance Analysis Module 
ENTER COMMAND# RE 
ENTER MODEL FILE NAME# X44.DAT 
INPUT DATA 
ENTER COMMAND# IGES 
I GES CONVERSION 
- -TOLERANCE ANALYSIS 
ENTER COMMAND# TA 
Enter ''TA'' for invoking the tolerance 
analysis routines. 
TYPE IN MODEL FILE# TOLEXl.DAT 
J 
TOLERANCE TYPE 
NOT OLEANCE 
- -LIMIT, 1 LINE 
- -LIMIT, 2 LINES 
- -BILATERAL, 1 LINE 
-
-
B !LATERAL, 2 LINES 
-
-U_NILATERAL, A BOVE 
UNILATERAL, BELOW 
-
-BASIC TYPE 
- -REFERENCE TYPE 
- -
The TOLEXl.PRT is a two dimensional 
drawing created on the McAuto's 
Unigraphics II CAD system as shown in 
Figure 21. After pre-process of IGES 
package, it becomes the TOLEXl.DAT 
data file in IGES format. 
,. 
LIMIT, LARGER FIRST 
L-IMIT, LARGER B-ELOW 
-LIST A LL 
ENTER COMMAND# LA 
SEARCHING ... 
Twelve types of tolerances searching 
can be performed according to the 
user's specification. All tolerance 
types included in TOLEXl will be shown 
in sequence by a following command 
''LA II. 
75, 
Tolerance Type--> No Tolerance 
No. Dimension 
-----------------------------1 
.250000 
PICK DIMENSION & TOLERANCE 
- -LIST NEXT 
- -
ENTER COMMAND# LN 
Due to the application of IGES interface, the user picks up the dimensions and tolerances by numbers 
rather than with the cursor. The "PD" 
command can pick up the tolerances listed in the table, otherwise, the 
next table describing the different tolerances will be following by 
entering the command "LN". 
Tolerance Type--> Limit, One Line 
., 
No. Lower Limit Upper Limit 
-------------------------------------------1 0.299900 0.300100 
PICK DIMENSION & TOLERANCE 
- -LIST NEXT 
ENTER COMMAND# LN 
Tolerance Type--> Bilateral, 1 Line 
No. Dimension Lower Limit · Upper Limit 
-------------------------------------------------------1 
2 
3 
4 
1.804100 
1.943700 
0.826500 
0.450000 
-0.000100 
-0.000100 
-0.000100 
-0.000100 
PICK DIMENSION & TOLERANCE 
- -LIST NEXT 
- -
ENTER COMMAND# LN 
Tolerance Type--> Bilateral, 2 Line 
No. • • Dimension Lower Limit 
0.000100 
0.000100 
0.000100 
0.000100 
Upper Limit 
----------------------------------------~--------------1 
2 
I 
0.230000 
0.150000 
-0.000700 
0.001200 
76 
-0.000400 
0.001500 
'
--, 
. 
' 
>'"L 
,·-
' 
PICK DIMENSION & TOLERANCE 
- -LIST NEXT 
- -
ENTER COMMAND# PD 
NUMBER#--> (IF FINISH, HIT ''D") 
(IF ABORT, HIT ''$") 1 
D 
To choose the number labled on the 
table above, and to exit the pick by 
hitting "D". To hit"$" for backing to 
the former menu. 
Tolerance Type--> Unilateral, Above 
No. Dimension Lower Limit Upper Limit 
--------------------------------------------------------
1 
2 
0.230000 
0.150000 
0.000000 
0.000000 
PICK DIMENSION & TOLERANCE 
- -L !ST NEXT 
ENTER COMMAND# PD 
NUMBER#--> (IF FINISH, HIT ''D'') 
(IF ABORT, HIT"$") l 
D 
Tolerance Type--> Unilateral, Below 
No. Dimension Lower Limit 
0.000700 
0.000400 
Upper Limit 
--------------------------------------------------------
1 
2 
3 
3.212000 
0.795200 
1.513400 
-0.000100 
-0.000100 
-0.000100 
P !CK DIMENSION & TOLERANCE 
- -LIST NEXT 
-
ENTER COMMAND# PD 
NUMBER#--> ( IF FINISH, HIT 11 D") 
( IF ABORT, HIT 11 $ 11 ) 2 
D 
Tolerance Type--> Limit, Larger First 
• 
No. Larger Limit Smaller Limit 
------------------------------------------
l 3.836300 3.836100 
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~ 
J C 
( 
PICK DIMENSION & TOLERANCE 
- -LIST NEXT 
-
ENTER COMMAND# PD 
NUMBER#--> (IF FINISH, HIT ''D'') 
(IF ABORT, HIT ''$'') l 
D 
Tolerance Type--> Limit, Larger Below 
No. Larger Limit Smaller Limit 
-----------
-----------
-----------
---------~-
1 
2 
4.785200 
0.629800 
4.785400 
0.630000 
PICK DIMENSION & TOLERANCE 
-LIST NEXT 1 
ENTER COMMAND# PD 
NUMBER#--> (IF FINISH, HIT "D'') 
(IF ABORT, HIT "$'') 2 
D 
D & T CHOSEN: 
No. Dimension Upper Limit Lower Limit 
··• 
.. 
------------
------------
---~---------_ ... ________
______ ... _____
_ _ 
0.23000 
0.23000 
0.79520 
-0.00090 
0.00000 
-0.00010 
1 
2 
3 
4 Continue to 
-0.00040 
0.00070 
0.00000 
List 
The total D&Ts chosen 
from various tables 
summarily as above. 
for analysis 
are listed 
CHOOSE THE 1 PAIR OF D&T, 
HOLE D&T? 2 
. .. 
Many D&Ts of holes and shafts can be 
chosen at the same time, and the other 
unnecessary dimensions will be blanked 
out automatically. The first pair of 
D&Ts of hole and shaft, and two 
position tolerances based on the datum 
planes have to be specified by hitting 
the number followed by a carrige 
return. 
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7 
SHAFT D&T? 1 
POSITION D&T (X DIR.)? 4 
No. Lower Limit 
There are just three sets of D&Ts that 
will be appeared to avoid the table 
exceeding the screen. The other sets 
of D&Ts will be listed by entering 
number 4. 
Upper Limit 
________
________
___ .., ___________
________
_ _ 
1 3.83610 3.83630 
2 0.62980 0.63000 
3 Continue to List 
POSITION D&T (X DIR.)? 1 
POSITION D&T (Y DIR.)? 2 
·INTERFERENCE ALLOWANCE 
SMALLEST HOLE--> 0.22964 
LARGEST SHAFT--> 0.22996 
CLEARANCE ALLOWNACE 
LARGEST HOLE --> 0.2311 
SMALLES SHAFT--> 0.2287 
INTERFERENCE--> -0.00033 CLEARANCE --> 0.0023 
The position tolerances have been 
included as part of the size 
tolerances applied to the hole and 
shaft. A combination of the smallest 
hole and the largest shaft sizes will 
produce an interference(-0.00033); 
whereas the combination of the largest 
hole and the smallest shaft sizes will 
produce a clearance fit(0.0023). The 
negative sign indicates an 
interference. The plus sign indicates 
a clearance. The results can be drawn 
as in Figure 22. If it is not a 
standard class of fit, the user 
modifies the D&Ts and runs the 
analysis again until it falls in with 
the range of the standard class of 
fit. 
HOLE--> (0.2300,-0.0004,-.0009) 
''M", Modify 
"Return", Next Data 
r • 
I ' 
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ENTER COMMAND# GM 
''GM" I 
'' 1 " ' 
''I'' I 
II$ II I 
Global Menu 
Former Menu 
Main Menu 
Abort 
ENTER COMMAND# 1 
''M", Modify 
''Return", Next Data 
ENTER COMMAND# M 
''M'' allows the user to modify the 
nominal dimension and tolerances. 
''Return" keeps these data the same by 
pressing the carrige return. 
GM lists a global menu which allows 
the user to back to the former or main 
menu for different choice. 
Nominal Dimension, Upper Limit, Lower Limit? 
.23, .0002,0. 
SHAFT--> (0.2300,0.00070,0.00000) 
''M", Modify 
''Return", Next Data 
ENTER COMMAND# M 
Nominal Dimension, Upper Limit, Lower Limit? 
.23,-.0002,-.00033 
POSN TOL. (X DIR.)--> (3.836300,3.836100) 
''M" , Modify 
''Return'', Next Data 
ENTER COMMAND# M 
Nominal Dimension, Upper Limit, Lower Limit? 
3.8363,.0001,0. 
POSN TOL. (Y DIR.)--> (0.629800,0.630000) 
''M", Modify 
''Return'', Next Data 
ENTER COMMAND# M 
Nominal Dimension, Upper Limit, Lower Limit? 
.6299,.0001,0. 
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LOCATIONAL CLEARANCE FIT -- LC 
CLASS OF FIT --> LC3 
CLASS OF HOLE --> HS 
CLASS OF SHAFT--> H7 
NOM. SIZE CLN(INT) - HOLE LIMIT SHAFT LIMIT 
-----------------------------~------------------------------
.2299 • 0001 • 0007 .0003 .0000 -.0001 -.0003 
<< - THE RECOMMENDED STANDARD TOLERANCE LIMIT - >> 
.2299 . 0000 . 0012 .0007 .0000 .0000 -.0005 
CONTINUE 
-MODIFY 
-3 D VISUALIZATION 
- -
ENTER COMMAND# JV 
ASSIGN UNITS 
II 
After the modified D&Ts entered, the 
analysis shows that the mating parts 
perform a locational clearance fit 
(LC), and the class of fit is LC3. The 
fit class for hole is HS, and for 
shaft is H7 as shown in Figure 23. The 
standard ranges for class of fit(LC3) 
are also printed below the results as 
reference. 
CONTINUE is the switch to show the 
additional class of fit of the mating 
parts. 
MODIFY is the switch to modify the 
D&Ts to increase the accuracy or 
change the class of fit. 
3 D VISUALIZATION is the switch to 
coorperate the analysis with the 
POLYGON's main functions which 
simulate a three dimensional model for 
visualization. 
Since 11 3V11 at the ''ENTER COMMAND#'' 
prompt is entered, the controller 
backs to the main menu of POLYGON, 
which needs the inputs of the unit, 
the input data validity check, 
creation of polygons, edition of 
polygons, and invocation of HIDDEN 
LINE display package. They are the 
same proceduces as we did in example 
one. 
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ENTER COMMAND# IN 
INPUT DATA VALIDITY CHECK (Y/N)? Y 
• • 
• • 
• • 
The three dimensional model is shown • • as 1n Figure 24,25. 
ENTER COMMAND# EXIT 
EXIT WITHOUT SAVE(Y/N)? Y 
Enter the global command ''EXIT'' to end the module and do not save a polygon file after answering a command ''Y". 
* These two cases are working on the Tektronix 4107 workstation. The menu-driven package allows menus in different color for user's convenience . 
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HOLE 
V 
-H ,.. 
SHAFT 
YOUR RESULTS -- BLUE 
STANDARD RANGE---- RED 
... NOT A ~TANDARD FIT ... 
i----___._ _ ___,...,_ ___ v ----- DATLlfvl 
Figure 22 
BASIC HOLE SYSTEM 
CLASS OF FIT - ·t· ·t :t . . . 
CLASS OF HOLE - . . . ·t ·t - -~ . . ·.· 
CLASS OF SHAFT - l -~. 4 . . i .y 
ACINTERFERANCE)= - .. IJ k1 [l ·1 ·1 
B ( INTERFERA~iCE) = 
The analysis shows that the mating parts 
do not perform a standard class of fit. 
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DATUM 
BASIC HOLE SYSTEM 
SHAFT 
CLASS OF FIT - L i.~. ·1 
CLASS OF HOLE - Ht, 
, 
CLASS OF SHAFT - HS 
A(CLEARANCE)= + • r-1 r·1 E1 i~ 7 
B(CLEARANCE)= +. [}[10(:}5 
Figure 23 The mating parts perform a locational clearance 
·fit(LCl), and the standard fit ranges are listed. 
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../ A 3D model with polygons created 
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Figure 25 
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,...,,.t-------------.............. -1 a r g e s t shaft 
,.,,,.~~~~~~~~~nominal size of 
shaft 
,_......__ ____________ s ma 11 est sh a f ·t 
...----..;_------ 1 a r g est: ho 1 e 
~~~~~~~~-smallest hole 
A isometric view of a 3D model with hidden 
lines removed simulating the mating parts . 
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